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Abstract  
 
Ba1-xBi2x/3TiO3 ceramics were prepared by solid state reaction route in different value of x 
(i.e., x = 0, 0.01, 0.025, 0.05, 0.075, 0.1). Structural property of all compositions is studied by 
XRD and surface morphology of the sintered pellets is studied by SEM analysis. XRD patterns 
reports the single phase tetragonal crystal system of the space group P4mm and pattern matched 
with the standard pattern JCPDS no. 05-0262 and it reveals the crystalline sizes decreases with 
increase the Bi concentration. SEM image shows the grain size decreases for x=0.01 and 
x=0.025 and increases with further addition of Bi concentration. The chemical composition of 
sintered pellets is analyzed by EDX. The temperature dependency dielectric study of              
Ba1-xBi2x/3TiO3 (i.e., x = 0, 0.025, 0.05) composition is studied. Dielectric constant and transition 
temperature decreases for x=0.025 and again increases for x=0.05. Curie constant values are 
calculated from the Curie Weiss law.  
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CHAPTER-1    
INTRODUCTION 
 
Ferroelectricity was discovered in 1920 by J. Valasek. The first known 
ferroelectric material was Rochelle salt (NaKC4H4O6.4H2O). Unfortunately, Rochelle salt 
loses its ferroelectric properties if the composition is slightly changed, which made it 
rather unattractive for industrial applications. After that Barium titanate (BaTiO3) was 
discovered to be ferroelectric behavior in 1945 by A Von Hippel and is perhaps the most 
commonly though of material when one thinks of ferroelectricity. BaTiO3 is stable 
perovskite type, which is one of the fundamental crystal lattice structures. Perovskites 
form is the most important class of ferroelectric materials. The perfect perovskites 
structure follows the formula ABO3
 ,
 where A is a mono- or divalent and B is a tetra- or 
pentavalent metal. In (Fig.1) the A atoms form the corners of the cubic cells, B atoms are 
in the center and the oxygen atoms are situated in the faces centers of the cubic cell  and 
the lattice is centre of symmetry so here no ferroelectricity can be observed.  
 
 
 
 
 
(Fig.1 Lattice structure of a 
symmetric perovskite crystal) 
 
(Fig.2 Polarization of a tetragonal 
distorted crystal) 
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While In (Fig.2) shows that B atom is displace from its centre when the electric 
field is applied and the lattice is polarized. The phase is transform from cubic to 
tetragonal and the lattice is non-centre symmetry so here ferroelectricity should be 
observed.   
While there are some 250+ materials that exhibit ferroelectric properties, some of 
the more common/significant materials include:   Lead titanate(PbTiO3), Lead zirconate 
titanate (PZT), Lead lanthanum zirconate titanate (PLZT). Ferroelectricity has also been 
called Seignette electricity, as Seignette or Rochelle Salt (RS) was the first material found 
to show ferroelectric properties such as a spontaneous polarization on cooling below the 
Curie point, ferroelectric domains and a ferroelectric hysteresis loop. 
The discovery of new classes of ferroelectrics advances in first principles 
theoretical techniques, and an expanded range of applications, mixed relaxor and 
ferroelectric ABO3-type single crystals. A major breakthrough in the field of 
ferroelectricity occurred around 1960 with the publication of Cochran‟s seminal work. He 
advanced the concept that certain ferroelectric transitions are driven by instability of the 
crystal lattice against a soft optical phonon mode. These experimental techniques proved 
for the first time the microscopic nature of the static and dynamic properties of 
ferroelectric transitions. In spite of the fact that the soft mode concept was very 
successful in elucidating the microscopic mechanism not only for ferroelectric transitions 
but for structural phase transitions in general, the atomic-level origin of ferroelectricity, 
particularly in the ABO3 perovskite, remained unclear. Most perplexing was the vastly 
different behaviors of seemingly very similar compounds such as KtaO3 and KNbO3, and 
BaTiO3 and SrTiO3. The domain of first-principles theory and the remarkable progress in 
the application of this theory to ferroelectrics in the past decade has paid significant 
dividends. Calculations for several ABO3 compounds have identified hybridization 
between the oxygen 2p and transition-metal d states as the origin of the ferroelectric 
instability. Relaxor behavior generally results from crystalline disorder.   
The occurrence of ferroelectricity is determined by a delicate balance between 
competing long-range Coulomb forces, which favor the ferroelectric state, and short-
range repulsive forces, which favor the non-polar state. Hydrostatic pressure has been 
shown to be an excellent variable for tuning this balance and thereby providing new 
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insights into the underlying for tuning this balance and thereby providing new insights 
into the underlying physics. Additionally, there is intimate coupling between the 
polarization and lattice strain (or volume). 
Ferroelectric materials may be divided into two classes: classical ferroelectrics 
and relaxors   
i. Typically relaxors have at least one crystallographic site that is occupied 
by two or more ions. In addition to usual application for classical 
ferroelectrics, relaxors have great interest for dielectrics in capacitors and 
actuators  
ii. Most relaxors lead based ceramics such as PbMg1/3Nb2/3O3 (PMN) and 
derived compounds. Or Pb (M`1/2M”1/2)O3 with long range polar order. 
However, these compositions have the obvious disadvantages associated 
with the volatility and toxicity of PbO. Therefore, much current research is 
directed towards more environmentally friendly Pb-free relaxor materials. 
1.1 Ferroelectric     
Most materials are polarized linearly with external electric field; nonlinearities are 
insignificant. This is called dielectric polarization (Fig.3). Some materials, known 
as paraelectric materials, demonstrate a more pronounced nonlinear polarization. The 
electric permittivity, corresponding to the slope of the polarization curve, is thereby a 
function of the external electric field. In addition to being nonlinear, ferroelectric 
materials demonstrate a spontaneous (zero field) polarization. Such materials are 
generally called pyroelectrics. The distinguishing feature of ferroelectrics is that the 
direction of the spontaneous polarization can be reversed by an applied electric field, 
yielding a hysteresis loop. Typically, materials demonstrate ferroelectricity only below a 
certain phase transition temperature, called the Curie temperature, Tc, and are paraelectric 
above this temperature. 
 4 
 
(Fig.3 Polarization Vs Electric field (P-E) loop for different materials) 
 
Ferroelectric Crystal: A ferroelectric crystals is crystals that possess reversible 
spontaneous polarization as exhibited by a dielectric hysteresis loop (reversibility of the 
polarization). 
Ferroelectric crystals possess regions with uniform polarization called 
ferroelectric domains. Within a domain, all the electric dipoles are aligned in the same 
direction. There may be many domains in a crystal separated by interfaces called domain 
walls. A ferroelectric single crystal, when grown, has multiple ferroelectric domains. A 
single domain can be obtained by domain wall motion made possible by the application 
of an appropriate electric field. A very strong field could lead to the reversal of the 
polarization in the domain, known as domain switching. All ferroelectric materials are 
pyroelectric, however, not all pyroelectric materials are ferroelectric. Below a transition 
temperature called the Curie temperature ferroelectric and pyroelectric materials are polar 
and possess a spontaneous polarization or electric dipole moment. The non-polar phase 
encountered above the Curie temperature is known as the paraelectric phase. The 
direction of the spontaneous polarization conforms to the crystal symmetry of the 
material, while the reorientation of the spontaneous polarization is a result of atomic 
displacements. The magnitude of the spontaneous polarization is greatest at temperatures 
well below the Curie temperature and approaches zero as the Curie temperature is neared.   
The most characteristics property of a ferroelectric is the hysteresis loop is shown 
in (fig. 4). As the electric field strength is increased, the domains start to align in the 
positive direction giving rise to a rapid increase in the polarization. At very high field 
levels, the polarization reaches a saturation value (Ps). The polarization does not fall to 
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zero when the external field is removed. At zero external field, some of the domains 
remain aligned in the positive direction, hence the crystal will show a remnant 
polarization Pr. The crystal cannot be completely depolarized until a field of magnitude is 
applied in the negative direction. The external field needed to reduce the polarization to 
zero is called the coercive field strength Ec. If the field is increased to a more negative 
value, the direction of polarization flips and hence a hysteresis loop is obtained. The 
value of the spontaneous polarization Ps is obtained by extrapolating the curve onto the 
polarization axes. 
 
 
(Fig.4 Polarization vs. Electric Field (P-E) hysteresis loop for a typical ferroelectric 
crystal) 
 
The relationship between D (or P) and E is linear up to relatively large fields. 
However, in the case of ferroelectrics  and  must be defined more precisely owing to 
the more complicated relationship between D (or P) and E. For most purposes of this 
review,  and c are defined as the slopes of the D vs. E and P vs. E curves, respectively, 
at the origin, i.e., the initial values. 
  
         = ( d/ E)E=0 and  = ( P/ E)E=0 --------------------------------- (1.1) 
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They are determined from measurements made at very low ac fields so as not to 
reverse any domains. Although ferroelectric crystals are a widely varied group, they 
posses a number a general characteristics properties, among these are the following:    
 The hysteresis loop disappears at a certain temperature, the Curie point Tc, above 
which the crystal behaves as a normal dielectric. It should be noted, however, that in 
some crystals melting or chemical decomposition may occur before the Curie point is 
reached. 
 At Tc a ferroelectric crystal transforms to a phase of higher symmetry. This higher 
temperature phase is usually nonpolar, or paraelectric (PE).  
 The polar crystal structure of a ferroelectric can be derived from the high-temperature 
PE structure by a slight distortion of the crystal lattice. This is the main reason behind 
the success of the phenomenological theory of ferroelectricity which assumes that the 
same free energy function is applicable for both the FE and PE phases.  
 Ferroelectrics generally have a large  (or ), which rises to a peak value at Tc. 
 Above Tc,  of a ferroelectric (measured along the polar axis) usually obeys the 
Curie-Weiss law  = C/(T-T0), where C and T0 are the Curie-Weiss constant and 
Curie-Weiss temperature, respectively. 
Finally, we should mention that there are substances which, on cooling, undergo a 
transition from a nonpolar to an antipolar state. In this state the crystal has a superlattice 
consisting arrays of antiparallel dipoles. If, in a given crystal, the coupling energy 
between these arrays is comparable to that of the polar case, then the crystal is said to be 
antiferroelectric (AFE). An antiferroelectric crystal can usually be made ferroelectric by 
the application of a sufficiently large electric field.    
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1.2 Crystal Symmetry   
The lattice structure described by the Bravais unit cell of the crystal governs the 
crystal symmetry.  
Solid matter can be described as: 
a. Amorphous: The atoms are arranged in a random way similar to the disorder we 
find in a liquid. Glasses are amorphous materials. 
b. Crystalline: The atoms are arranged in a regular pattern, and there is as smallest 
volume element that by repetition in three dimensions describes the crystal. e.g. 
we can describe a brick wall by the shape and orientation of a single brick. This 
smallest volume element is called a unit cell. The dimensions of the unit cell is 
described by three axes : a, b, c and the angles between them α, β, γ.  
There are thirty-two point groups (Fig. 5) can be classified into (a) crystals having 
a center of symmetry and (b) crystals which do not possess a center of symmetry. 
Crystals with a center of symmetry include the 11 point groups labeled centrosymmetric. 
These point groups do not show polarity. The remaining 21 point groups do not have a 
center of symmetry (i.e. non-centrosymmetric). A crystal having no center of symmetry 
possesses one or more crystallographically unique directional axes. Out of these, 20 
classes are piezoelectric (the one exception being cubic class 432). Piezoelectric crystals 
have the property that the application of mechanical stress induces polarization, and 
conversely, the application of an electric field produces mechanical deformation. Of the 
20 piezoelectric classes, 10 have a unique polar axis, such crystals are called polar 
crystals as they show spontaneous polarization, i.e. polarized in the absence of an electric 
field. Crystals belonging to these 10 classes are called pyroelectric.   
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(Fig.5 Crystal point group) 
 
The intrinsic polarization of pyroelectric crystals is often difficult to detect 
experimentally because of the neutralization of the charges on the crystal surfaces by free 
charges from the atmosphere and by conduction within the crystal. However, because the 
polarization is a function of temperature, it is often possible to observe the spontaneous 
moment in these crystals by changing the temperature, hence the name pyroelectric. 
Ferroelectric crystals belong to the pyroelectric family, but they also exhibit the 
additional property that the direction of the spontaneous polarization can be reversed by 
the application of an electric field.  
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1.3 Relaxor Ferroelectrics  
High and broad maxima in temperature dependence of both components of 
complex permittivity ε* = ε‟ – iε” and their shift to higher temperatures with raising 
measuring frequency is a typical feature of relaxor ferroelectrics (RFEs). Relaxor 
ferroelectric exhibit many properties similar to those of spin and dipolar glasses. Relaxor 
behavior is normally FE materials results from compositionally induced disorder or 
frustration. This behavior has been observed and studied mist extensively in disordered 
ABO3 perovskite ferroelectrics and is also seen in mixed crystals of hydrogen-bonded 
FEs and AFEs, the so-called phonic glasses. In this section we restrict our comments 
largely to the ABO3 oxides. Most of the RFEs with potential piezoelectric applications 
are lead-based compounds with the perovskite structure; however there is currently an 
increased need for more environmental friendly lead-free compounds.      
  
 
(Fig.6 Different polarization directions {marked by arrows} in the relaxor perovskite 
structure) 
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In the ABO3 oxides (Fig.6), shows the different polarization directions (marked 
by arrows) in the relaxor perovskite structure. (A) Polarizations along T and R direction 
(B) The MA phase, for which the polarization lies in the (110) plane, can be obtained by 
combining T and O direction (C) The MC phase, for which the polarization lies in the 
(100) plane, can also be obtained by combining T and O direction. Due to polarizabilities 
at both the A and B lattice sites produces dipolar defects and can introduce a sufficiently 
high degree of disorder so as to break translational symmetry and prevent the formation 
of a long-range ordered state. Instead, the dipolar motion in such systems freezes into a 
glass-like state on cooling below the transition temperature, Tm.  
 In these highly polarizable host lattices, the presence of a dipolar impurity on a 
given site can induce dipoles in a number of adjacent unit cells within a correlation length 
of that site. We accept the dipolar motion within this correlation length to be correlated, 
leading to the formation of polar nanodomains. Indeed, such nanodomains have been 
observed in many ABO3 relaxors at temperatures far above the peak in 
‟(T), and their 
occurrence is now considered to be crucial to the understanding of the properties of 
relaxors. We picture a distribution of sizes of such nanodomains in which the 
orientational degrees of freedom are correlated within each domain, but uncorrelated 
across the various domains. At sufficiently low temperatures, the dipolar motion within 
each domain freezes, resulting in the formation of an orientational glass (relaxor) state. 
Such a state is characterized by a distribution of relaxation times related to the sizes of 
the nanodomains. Two important characteristics of this relaxor state that distinguish it 
from simple dipolar glasses or spin glasses are the predominant existence of the dipolar 
nanodomains (vs. largely individual dipoles or spins) and the presence of some degree of 
cooperative freezing of the orientational degrees of freedom. Evidence of this cooperative 
effect comes from the observation of some remnant polarization in electric field 
hysteresis loops. It should be noted, however, that such evidence is also seen in systems 
of random dipoles in low polarizability hosts for doped alkali halides with sufficiently 
high concentration of dipoles.  
In order to be a good piezoelectric material, the lattice shape must be able to 
change significantly in response to an external electric field. Theoretical work has 
suggested that phase instability may be responsible for this effect. The directional 
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dependence of sound wave propagation in the current study provides strong evidence that 
such phase instability does exist and is indeed induced by the polar nano regions.  
 
Table 1 Difference between normal and relaxor ferroelectric 
 
This intrinsic instability apparently helps to facilitate the field-induced structural 
change and contributes to the large piezoelectric response. In table-1 shows the properties 
of relaxors are contrast to some of their properties with those of normal ferroelectrics.  
 
 
Property Normal Ferroelectric Relaxor Ferroelectric 
Dielectric temperature 
dependence 
 
Sharp 1st or 2nd order 
transition at Curie point Tc 
 
Broad diffused phase 
transition at Curie maxima 
 
Dielectric frequency 
dependence 
 
Weak Frequency 
dependence 
 
Strong frequency 
dependence 
 
Dielectric Behavior in 
paraelectric range ( T > Tc) 
 
Follows Curie - Weiss law 
 
Follows Curie - Weiss 
square law 
 
Remnant polarization (Pr) 
 
Strong Pr 
 
Weak Pr 
 
Scattering of light 
 
Strong anisotropy 
 
Very weak anisotropy to 
light 
 
Diffraction of X-Rays 
 
Line splitting due to 
deformation from 
paraelectric to ferroelectric 
phase 
 
No X-Ray line splitting 
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The contrast is as follows: 
 The P-E hysteresis loop (Fig.4) is the signature of a ferroelectric in the low-
temperature Fe phase. The large remnant polarization, Pr, is a manifestation of the 
cooperative nature of the FE phenomenon. A relaxor, on the other hand, exhibits a so-
called slim-loop. For sufficiently high electric fields the nanodomains of the relaxor 
can be oriented with the field leading to large polarization; however, on removing the 
field most of these domains reacquire their random orientations resulting in a small 
Pr. The small Pr is evidence for the presence of some degree of cooperative freezing 
of dipolar (or nanodomain) orientations. 
 The saturation and remnant polarizations of a ferroelectric decrease with increasing 
temperature and vanish at the FE transition temperature (Tc). The vanishing of P at Tc 
is continuous for a second-order phase transition and discontinuous for a first-order 
transition. No polar domains exist above Tc. By contrast, the field-induced 
polarization of a relaxor decreases smoothly through the dynamic transition 
temperature Tm and retains finite values to rather high temperatures due to the fact 
that nano-size domains persist to well above Tm.   
  
1.4 Barium Titanate: 
Barium titanate (BT) is one of the most studied ferroelectric materials which have 
been used in various forms, e.g. bulk, thin and thick films, powder, in a number of 
applications. Since the discovery of high dielectric property of BaTiO3 ceramic, many 
investigators have tried to modify this compound by different means, in order to achieve 
stable capacitors with satisfactory operational capacity and Barium titanate (BT) has 
become one of the most important electroceramics since the discovery of its versatility in 
multilayer ceramic capacitors (MLCC), positive temperature coefficient of resistance 
(PTCR) thermistors, piezoelectric sensors, transducers, actuators and ferroelectric 
random access memories (FRAM) and electro-optic devices. Its properties can be further 
improved by doping or by controlling its microstructural characteristics by varying 
process parameters. A huge increase in the research on ferroelectric materials came in the 
1950's, leading to the common use of Barium Titanate (BaTiO3) based ceramics in 
capacitor applications and piezoelectric transducer devices.  
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Barium titanate has the appearance of a white powder or transparent crystals. It is 
insoluble in water and soluble in concentrated sulfuric acid. 
 
(Fig.7 Structure of BaTiO3 ) 
 
Barium Titanate is an oxide of barium and titanium with the chemical 
formula BaTiO3 as shown in Fig. 7. It is a ferroelectric ceramic material, with 
a photorefractive effect and piezoelectric properties. It has five phases as a solid, listing 
from high temperature to low temperature: hexagonal, cubic, tetragonal, orthorhombic, 
and rhombohedral crystal structure. All of the structures exhibit the ferroelectric 
effect except cubic. Barioperovskite is a very rare natural analogue of BaTiO3, found as 
micro inclusions inbenitoite.  
Barium titanate (BaTiO3) has a paraelectric cubic phase above its Curie point of 
about 130° C. In the temperature range of 130° C to 0° C the ferroelectric tetragonal 
phase and between 0° C and -90° C, the ferroelectric orthorhombic phase is stable.  
The spontaneous polarization on cooling BaTiO3 below the Curie point Tc is due 
to changes in the crystal structure. As shown in (Fig.8) the paraelectric cubic phase is 
stable above 130° C with the center of positive charges (Ba2+ and Ti4+ ions) coinciding 
with the center of negative charge (O2-). On cooling below the Curie point Tc, a 
tetragonal structure develops where the center of Ba2+and Ti4+ ions are displaced relative 
to the O2- ions, leading to the formation of electric dipoles. Spontaneous polarization 
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developed is the net dipole moment produced per unit volume for the dipoles pointing in 
a given direction. 
 
(a)                                                         (b) 
 
(Fig.8 The crystal structure of BaTiO3 (a) above the Curie point (b) below the 
Curie point) 
 
Barium Titanate is used as a dielectric material for ceramic capacitors, and as a 
piezoelectric material for microphones and other transducers. The Curie point of Barium 
Titanate is 130 °C. As a piezoelectric material, it was largely replaced by lead zirconate 
titanate, also known as PZT. Polycrystalline Barium Titanate displays 
positive temperature coefficient, making it a useful material for thermistors and self-
regulating electric heating systems. Fully-dense nanocrystalline Barium Titanate has 40% 
higher permittivity than the same material prepared in classic ways. Barium Titanate 
crystals find use in nonlinear optics. The material has high beam-coupling gain, and can 
be operated at visible and near-infrared wavelengths. It has the highest reflectivity of the 
materials used for self-pumped phase conjugation (SPPC) applications. It can be used for 
continuous-wave four-wave mixing with milliwatt-range optical power. For 
photorefractive applications, Barium Titanate can be doped by various other elements, 
e.g. iron.  
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CHAPTER-2    
THESIS OBJECTIVE 
 To synthesis the high dielectric constant material (BaTiO3) by solid state 
reaction route. 
 To characterize the synthesized materials like XRD for phase formation, 
SEM for surface morphology, EDX for chemical analysis and Electrical 
study for dielectric constant and transition temperature. 
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CHAPTER-3 
EXPERIMENTAL TECHNIQUE 
A basic introduction about the experiment use in synthesized and characterized 
the     Ba1-xBi2x/3TiO3 ceramic compound.      
3.1 Synthesis methods: 
3.1.1 Ball Mill 
 A ball mill is a type of grinder used to grind materials into extremely fine powder 
for use in mineral dressing processes, paints, pyrotechnics, and ceramics. Ball mills rotate 
around 300 rpm at horizontal axis, partially filled with the material to be ground plus the 
grinding medium. Different materials are used as media, including 
ceramic balls, flint pebbles and stainless steel balls. An internal cascading effect reduces 
the material to a fine powder. The difference in speeds between the balls and grinding 
jars produces an interaction between frictional and impact forces, which releases high 
dynamic energies. The interplay between these forces produces the high and very 
effective degree of size reduction of the planetary ball mill.  
3.1.2 Calcination 
Calcination is the process in which a material is heated to a temperature below its 
melting point to effect the thermal decomposition or the phase transition other than 
melting point, or removal of a volatile fraction. Calcination is to be distinguished 
from roasting, in which more complex gas-solid reactions take place between the furnace 
atmosphere and the solids. Calcination reactions usually take place at or above the 
thermal decomposition temperature or the transition temperature (for phase transitions). 
This temperature is usually defined as the temperature at which the standard Gibbs free 
energy for a particular calcination reaction is equal to zero. 
3.1.3 Sintering  
When thermal energy is apply to powder compact, the compact is densified and 
the average grain size is increases, this process is called sintering and the basic 
phenomena occurring form this process is densification and grain growth. This is process 
used to produced density control materials or compound from metal or ceramic powder 
by applying thermal energy. Sintering aims to produce sintered part with reproducible 
and if possible designed a microstructure through control the sintering variables. 
 17 
Microstructural control means control of gain size, sintered density, and size and 
distribution of other phases including pores. In most of the cases microstructural control 
prepare a full dense body with fine grain structure.  
 
Table 2 For Variables affecting in sintering and microstructure 
Sintering process 
Variables related to raw materials 
(materials variables) 
Powder: 
Shape, size, size distribution, 
agglomeration, mixedness, etc. 
 
Chemistry: 
Composition, impurity, non-stoichiometry, 
homogeneity, etc. 
 
Variables related to sintering condition 
(process variables) 
Thermodynamic:  
Temperature, time, pressure, atmosphere, 
heating and cooling rate, etc. 
 
3.2 Characterization methods: 
 The structure provides a variety of concepts, which describes on various scales; 
its mechanical, chemical or electrical may depends strongly on its internal structure. An 
understanding of the structure of the material has become essential in the worked of novel 
materials. A wide range of experimental methods are available for the evaluation of 
structure of material with high accuracy and precision. The structure and morphology 
studies are preformed by using various techniques such as X-ray diffraction analysis 
(XRD) and scanning electron microscopy (SEM). The analysis of the elemental 
composition present in the sample is often aided through the use of the diffraction 
technique with energy dispersive analysis (EDX). The electrical measurement can be 
done through HIOKI LCR meter in different temperatures.  
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3.2.1 XRD Analysis 
X-ray diffraction methods are especially significant for the analysis of solid 
materials in the forensic science. Small sample quantities or tiny sample areas can be 
successfully analyzed as well as large quantities of materials. When X-rays interact with 
a crystalline substance (Phase), one gets a diffraction pattern. 
The angle between the beam axis and the ring is called the scattering angle and in 
X-ray crystallography always denoted as 2θ. In accordance with Bragg's law when        
X-rays hit an atom, they make the electronic cloud move as does any electromagnetic 
wave. The interference is constructive when the phase shift is a multiple of 2π; this 
condition can be expressed by Bragg's law: 
   nλ = 2d sinθ 
Where n is an integer determined by the order given, λ is the wavelength of the    
X-rays d is the spacing between the planes in the atomic lattice, and θ is the angle 
between the incident ray and the scattering planes.  
An electron in an alternating electromagnetic field will oscillate with the same  
frequency as the field. When an X-ray beam hits an atom, the electrons around the atom 
start to oscillate with the same frequency as the incoming beam. In almost all directions 
we will have destructive interference, that is, the combining waves are out of  phase and 
there is no resultant energy leaving the solid sample. However the atoms in a crystal are 
arranged in a regular pattern, and in a very few directions we will have constructive 
interference. The waves will be in phase and there will be well defined X-ray beams 
leaving the sample at various directions. Hence, a diffracted beam may be described as a 
beam composed of a large number of scattered rays mutually reinforcing one another. 
The orientation and interplanar spacing of these planes are defined by the three integers 
(h k l) called indices. A given set of planes with indices (h k l) cut the a-axis of the unit 
cell in h sections, the b-axis in k sections and the c-axis in l sections. A zero indicates that 
the planes are parallel to the corresponding axis. e.g. the (2 2 0) planes cut the a– and the 
b– axes in half, but are parallel to the c– axis. 
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There are many factors that determine the width B of a diffraction peak. These 
include:  
 Instrumental factors 
 The presence of defects to the perfect lattice 
 Differences in strain in different grains 
 The size of the crystallites 
It is often possible to separate the effects of size and strain. Where size 
broadening is independent of q (K=1/d), strain broadening increases with increasing q-
values. In most cases there will be both size and strain broadening. It is possible to 
separate these by combining the two equations in what is known as the Hall-Williamson 
method:  
 
Thus, when we plot B . cos(θ) vs sin(θ) we get a straight line with slope η  and 
intercept  .    
The expression is a combination of the Scherrer Equation for size broadening and 
the Stokes and Wilson expression for strain broadening. The value of η is the lattice 
strain and the value of L represents the size of the crystalline. The value of constant k is 
taken as 0.9.  
3.2.2 Scanning Electron Microscope (SEM) 
The scanning electron microscope (SEM) is a type of electron microscope that 
images the sample surface by scanning it with a high-energy beam of electrons in a raster 
scan pattern. The electrons interact with the atoms that make up the sample producing 
signals that contain information about the sample's surface topography, composition and 
other properties such as electrical conductivity. The types of signals produced by an SEM 
include secondary electrons, back-scattered electrons (BSE), characteristic X-rays, light 
(cathodoluminescence), specimen current and transmitted electrons. 
The SEM has a large depth of field, which allows a large amount of the sample to 
be in focus at one time. The SEM also produces images of high resolution, which means 
that closely spaced features can be examined at a high magnification. Preparation of the 
samples is relatively easy since most SEMs only require the sample to be conductive. The 
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combination of higher magnification, larger depth of focus, greater resolution, and ease 
of sample observation makes the SEM one of the most heavily used instruments in 
research areas today.  
3.2.3 Energy Dispersive X-ray Spectroscopy (EDS or EDX) 
EDS or EDX is an analytical technique used for the elemental analysis 
or chemical characterization of a sample. It is one of the variants of X-ray 
fluorescence spectroscopy which relies on the investigation of a sample through 
interactions between electromagnetic radiation and matter, analyzing X-rays emitted by 
the matter in response to being hit with charged particles. Its characterization capabilities 
are due in large part to the fundamental principle that each element has a unique atomic 
structure allowing X-rays that are characteristic of an element's atomic structure to be 
identified uniquely from one another. 
  
 
 
(Fig.9 Principle of EDS)  
The incident beam may excite an electron in an inner shell, ejecting it from the 
shell while creating an electron hole. An electron from an outer, higher-energy shell then 
fills the hole, and the difference in energy between the higher-energy shell and the lower 
energy shell may be released in the form of an X-ray. The number and energy of the X-
rays emitted from a specimen can be measured by an energy dispersive spectrometer. As 
the energy of the X-rays are characteristic of the difference in energy between the two  
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shells, and of the atomic structure of the element from which they were emitted, this 
allows the elemental composition of the specimen to be measured.  
3.2.4 Dielectric 
 A dielectric is an electrical insulator that may be polarized by the action of an 
applied electric field. When a dielectric material is placed in an electric field, electric 
charge do not flow through the material, as in a conductor, but only slightly shift from 
their average equilibrium positions causing dielectric polarization: positive charges are 
displaced along the field and negative charges shift in the opposite direction.  
The study of dielectric properties is concerned with the storage and dissipation of 
electric and magnetic energy in materials. It is important to explain various phenomena 
in electronics, optics, and solid-state physics. A dielectric material is a substance that is a 
poor conductor of electricity, but an efficient supporter of electrostatic fields. If the flow 
of current between opposite electric charge poles is kept to a minimum while the 
electrostatic lines of flux are not impeded or interrupted, an electrostatic field can store 
energy. This property is useful in capacitors, especially at radio frequencies. Dielectric 
materials are also used in the construction of radio-frequency transmission lines. 
 
3.3 Experimental work  
The Bi doped BaTiO3 ceramic were prepare by solid state reaction method by 
taking three raw materials such as (i) Barium Carbonate (BaCO3), (ii) Titanium dioxide 
(TiO2) and (iii) Bismuth Oxide (Bi2O3). For the combination of these three raw materials 
Ba1-xBi2x/3TiO3 ceramic compound were formed, where „x‟ is the Bi concentration in 
BaTiO3 ceramic compound (i.e, x = 0, 0.01, 0.025, 0.05, 0.075, 0.1). For synthesis of  
Ba1-xBi2x/3TiO3 ceramic compound first we used ball-mill for mixing and grinded the 
milled powder into extremely fine powder. The prepare powder were kept in 
programmable furnace for calcinations process and heated at temperature below melting 
point of the sample for the phase formation and removal of a volatile fraction. For 
making pellets used binder i.e, poly vinyl alcohol (PVA) solution mix with powder and to 
make pellets by using hydraulic pressure, to applying around 5 ton pressure for 3 
minutes. To know the phase formation of prepare (calcinations) sample used XRD 
analysis technique. Use SEM for surface morphology and EDX for chemical composition 
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of Ba1-xBi2x/3TiO3 ceramic compound and at last measured the electrical properties i.e, 
dielectric and curie constant.            
 
(Fig.10 Flowchart for the synthesis of Bi doped BaTiO3ceramic)  
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CHAPTER-4 
RESULTS AND DISCUSSION 
 
4.1 XRD Analysis 
The Ba1-xBi2x/3TiO3 ceramics were prepared by solid state reaction route. The 
synthesized powders were characterized by X-ray diffraction using a PANALYTIC 
diffractometer. XRD pattern were obtained using Cu Kα radiation and the Fig.11  show 
the XRD pattern of the Bi doped BaTiO3 range from 20-80
o in 2θ scale at the rate of 
0.04o/second. According to JCPDS no.05-0626, all the peaks in the patterns are matching 
and its showing purely tetragonal single phase crystal related to tetragonal BaTiO3. The 
crystal single phase crystals of the Ba1-xBi2x/3TiO3 ceramics are tetragonal symmetry in 
the space group P4mm. No evidence of the precursor phase BaCO3, TiO2 or Bi2O3 was 
detected by XRD and all the matched hkl values are indexed in the Fig.11. From Fig.12, 
it is well known that the tetragonal phase was identified by an analysis of the peaks [002] 
and [200] at the 2θ from 44.5-46o. The splitting of [002] and [200] peaks indicates the 
tetragonal phases. While increasing the concentration of Bi in BaTiO 3, the intensity of is 
peak [002] at 44.9 is minimizing.  This minimization indicates the conversion of 
tetragonal phase to cubic phase after the certain limit of doping concentration. Fig.13 and 
14 shows the lattice parameter as well as the unit cell volume results of Ba1-xBi2x/3TiO3 
ceramics. These data were estimated through the CHEKCELL program using the 
regression diagnostics combined with nonlinear least squares. The ratio of c and a gives 
the value of more than 1, it is showing the tetragonal phases and the volume of the 
tetragonal is strongly related to a and c parameters.  Table 3, shows the parameters about 
the peak position, FWHM, a, b, c parameters, volume, c/a, crystallite size, lattice strain, 
Dhkl and dhkl for all x values at the major peaks of the XRD patterns at 31.4
o. In Fig.15 
variation of crystalline size as a result of Bi substitution is clearly seen. Crystalline size 
decreases with increasing concentration of the Bi in BaTiO3 and these effects is clearly 
seen in the peak broadening of Fig.12.  
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(Fig. 11,12 XRD pattern 
Fig.13 Composition Vs a & c 
Fig.14 Composition Vs c/a & volume 
Fig.15 Composition Vs lattice strain & crystalline) 
Fig.11 Fig.12 
Fig.13 Fig.14 
Fig.15 
 25 
Table 3 Peak position, FWHM, a, b, c, volume, c/a, crystalline, lattice strain, dhkl and Dhkl 
parameters for all composition of x 
 
 
4.2 SEM and EDX 
Fig.16 shows the surface structures of all sintered pellets at 1300oC for 4 hours. 
The microstructure of the sintered specimens of the BaTiO3 with x=0 to 0.1, Bi were 
shown the grain increment when the doping concentration is increasing and these result 
also exactly related to the crystalline size of the calcined powders from the XRD pattern. 
Due to surface volume ratio of the calcined powder reduces the melting temperature and 
increasing the grain size at the time of sintering. But in the undoped (x=0) BaTiO3 having 
high grain and well sintered. The sintered pellets were coated with platinum thin layer in 
automatic sputtered coating for SEM study. Fig.17 shows the EDX spectra of                 
Ba1-xBi2x/3TiO3 ceramic, in EDX spectra it is clearly seen that the prepare                     
Ba1-xBi2x/3TiO3 ceramic compound is only composition of Ba, Bi, Ti, and O. It gives the 
weight percentage and atomic percentage of the compound. Little amount of Bismuth is 
modifying the whole part of the crystal symmetry. Table.4 Weight % and Atomic % of 
all elements present   in    the     Ba1-xBi2x/3TiO3 pellets.     
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(Fig.16 SEM picture of Ba1-xBi2x/3TiO3 pellets for all composition of x)  
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(Fig.17 EDX spectrum of Ba1-xBi2x/3TiO3 pellets) 
 
 
Table 4 Weight % and Atomic % of all elements present in the Ba1-xBi2x/3TiO3 pellets 
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4.3 Dielectric  
In Fig.18 shows the Relative permittivity of sintered pellets of Ba1-xBi2x/3TiO3 for 
x= 0, 0.025 and 0.05. The sintered samples were coated with silver paste on both sides 
and heated at 500oC for 30 minutes for perfect conductivity of the electrodes. The 
permittivity at 1 kHz as a function of temperature for Ba1-xBi2x/3TiO3 ceramics under 
different concentration of x= 0, 0.025 & 0.05. 
 
 
(Fig.18 Relative permittivity Vs Temperature of sintered pellets of Ba1-xBi2x/3TiO3 for x= 
0, 0.025 and 0.05) 
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(Fig.19 Inverse relative permittivity with temperature) 
 
 
In the relative permittivity versus temperature plots of x=0, 0.025 and 0.05 
samples displayed sharp peaks at a transition temperature of around 140oC. The          
Ba1-xBi2x/3TiO3 ceramics exhibited a decrease in the transition temperature with increased 
concentration of Bi2O3. The results showed an increase in permittivity up to a maximum 
for the composition of x = 0 is 4455 at transition temperature 128oC, for the composition 
x = 0.025 is 1635 at transition temperature 149oC and for composition x = 0.05 the 
maximum relative permittivity is 2674 at transition temperature 133oC.   
In most ferroelectrics, the temperature dependence of the relative permittivity 
above the Curie temperature (in paraelectric phase regime) can be described accurately 
by a simple relationship called the Curie-Weiss law.  
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where C is the Curie-Weiss constant and T0 the Curie- Weiss temperature. 
Generally, in the case of a first-order phase transition, To<Tc, while for the second-order 
phase transition To=Tc. Fig.19 shows the variation of inverse relative permittivity with 
temperature in the vicinity of transition temperature for Ba1-xBi2x/3TiO3 ceramics sintered 
at 1300 oC. The dielectric data show clearly first-order phase transition and excellent 
Curie-Weiss behavior. The Curie constant (C) obtained for this sample composition x = 
0, 0.025, and 0.05 is 1.04x104 oC, 1.3x104 oC, and 3.6x104 oC respectively, which is in 
good agreement with the reported value of pure BaTiO3.  
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CHAPTER-5 
CONCLUSION 
 
The Ba1-xBi2x/3TiO3 ceramic was prepared by the Solid state reaction method. 
XRD patterns showed that this material crystallizes in a perovskite-type single phase 
tetragonal structure with space group P4mm. SEM image shows the grain size decreases 
for x=0.01 and x=0.025 and increases with further addition of Bi concentration. The 
chemical composition of sintered pellets is analyzed by EDX. The temperature 
dependency dielectric study of Ba1-xBi2x/3TiO3 (i.e., x = 0, 0.025, 0.05) composition is 
studied. Dielectric constant and transition temperature decreases for x=0.025 and again 
increases for x=0.05. Curie constant values are calculated from the Curie Weiss law.  
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